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Liver cirrhosisAbstract Background: Chronic Hepatitis C virus (HCV) infection and liver cirrhosis may be asso-
ciated with atherosclerosis and coronary artery disease (CAD). There are two phases to atheroscle-
rosis, Subclinical and Clinical. Assessment of atherosclerosis may be started at its Subclinical phase
by the evaluation of Epicardial Fat Thickness (EpFT) and Carotid Intima Thickness (CIMT).
Aim of the study: The aim of the study was to evaluate Clinical and Subclinical atherosclerosis in
chronic HCV patients with and without liver cirrhosis by evaluating CIMT and EpFT and corre-
lating the results with Child-Pugh functional scoring of cirrhosis as well as with ultrasound and lab-
oratory parameters that define the severity of liver disease.
Patients and methods: This study involved 64 chronic HCV patients that were divided into two
groups: 24 patients without liver cirrhosis and 40 patients with liver cirrhosis in addition to 20 appar-
ently healthy volunteers serving as control. All of the 84 subjects were subjected to the following:
Clinical evaluation; Routine Laboratory Evaluation (CBC, Liver Function Tests, Renal Function
Tests, Serum electrolytes, Cholesterol, Triglycerides, HBs antigen and HCV antibody); ECG;
Abdominal ultrasound; Echocardiographic evaluation of segmental wall motion abnormalities
and EpFT and B-Mode Carotid ultrasonography for evaluation of CIMT.
Results: In the cirrhotic HCV group, the CIMT and EpFT were both significantly increased [Com-
pared to control group (p= 0.000), compared to the non-cirrhotic HCV group (p= 0.000)]. In the
non-cirrhotic HCV group, the CIMT and EpFT were both significantly increased compared to the
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http://dx.doi.org/10.1016/j.ehj.2016.10.004also positively correlated with each other (r= 0.456, p= 0.001). There was a statistically signifi-
cant increase in the EpFT and CIMT in Child class B patients compared to Child class A
(p= 0.007 for CIMT and p= 0.028 for EpFT) and in Child class C patients compared to Child
class B patients (p= 0.001 for CIMT and 0.005 for EpFT). CIMT and EpFT were correlated pos-
itively with AST (r= 0.385, p= 0.002 for CIMT, and r= 0.379, p= 0.003 for EpFT), Total
Bilirubin (r= 0.378, p= 0.003 for CIMT, and r= 0.384, p= 0.002 for EpFT), INR%
(r= 0.456, p= 0.001 for CIMT, and r= 0.384, p= 0.001 for EpFT), CRP (r= 0.378,
p= 0.003 for CIMT, and r= 0.386, p= 0.002 for EpFT), spleen span (r= 0.417, p= 0.001 for
CIMT, and r= 0.437, p= 0.001 for EpFT) and portal Vein Diameter (r= 0.372, p= 0.003 for
CIMT, and r= 0.379, p= 0.003 for EpFT). CIMT and EpFT were correlated negatively with
Albumin (r= 0.379, p= 0.003 for CIMT, and r= 0.370, p= 0.003 for EpFT), platelets count
(r= 0.382, p= 0.002 for CIMT, and r= 0.378, p= 0.003 for EpFT) and Liver Span
(r= 0.433, p= 0.001 for CIMT, and r= 0.424, p= 0.001 for EpFT).
Conclusion: EpFT and CIMT significantly increased in chronic hepatitis C virus patients especially
in those with cirrhosis and closely correlated with each other. Their thickness also correlated with
the Child-Pugh functional scoring of cirrhosis as well as with ultrasound and laboratory parameters
that define the severity of liver disease.
The echocardiographic assessment of EpFT and the carotid Doppler assessment of CIMT may pro-
vide appropriate and simple screening markers for subclinical atherosclerosis and cardiovascular
risk in chronic HCV patients with and without cirrhosis.
 2016 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Atherosclerosis is one of leading causes of mortality and mor-
bidity throughout the world. It is a chronic, progressive,
inflammatory disease with a long asymptomatic course.1
Atherosclerosis passes through two phases, a Pre-clinical (Sub-
clinical) phase and a Clinical phase. The Subclinical phase
refers to the early stages of atherosclerotic disease and confers
an increased risk of cardiovascular disease which may eventu-
ally lead to coronary artery disease. A variety of imaging
modalities have been used to assess subclinical
atherosclerosis.1,2
Infectious agents including chronic hepatitis C virus (HCV)
infection have been associated with atherosclerosis and a
higher risk of coronary artery disease.3 Suggested mechanisms
include the promotion of HCV endocytosis4,5 by low-density
lipoprotein receptor and induction of oxidative stress by
HCV core protein leading to the oxidation of lipoprotein in
atherosclerotic plaques.6 It has also been associated with sys-
temic vasculitides7, increased concentration of soluble intercel-
lular adhesion molecules8 and the presence of anti-endothelial
antibodies.9
HCV patients are also at increased risk of developing hep-
atic steatosis.10,11 Patients with hepatic steatosis may have
underlying metabolic abnormalities including insulin resis-
tance as well as increased inflammatory markers that may con-
tribute to endothelial dysfunction.12–16 The presence of
steatosis may contribute to the development of other metabolic
diseases, such as hypertension and diabetes, all of which may
exacerbate CAD risk in individuals with HCV. Adinolfi et al.11
performed a study on HCV patients with and without hepatic
steatosis and found a significantly higher prevalence of carotid
atherosclerosis in HCV patients compared to age- and sex-
matched controls. In addition, even after matching for the
presence of steatosis, a significantly higher prevalence of caro-
tid atherosclerosis was seen in the HCV patients, supportingEK et al. Atherosclerosis in chronic hepthe notion that HCV may increase the risk of carotid
atherosclerosis independent of steatosis.11
It was believed that cirrhosis of the liver had a protective
role for CAD.17–19 These observations were motivated by a
theoretical protective role of some common features in cir-
rhotic patients like reduced circulating low-density lipopro-
teins and total cholesterol,20 decreased vascular resistance,
low blood pressure,21 and high levels of circulating estrogens.19
Now end-stage liver disease (ESLD) could be considered to be
a coronary artery risk equivalent, and it is therefore important
to appropriately risk-stratify patients even in the absence of
symptoms.22 It was found that the prevalence of coronary
artery disease (CAD) in liver transplanted (LT) candidates
can reach up to 26%.23 In turn, CAD is associated with
increased post-LT mortality and a greater incidence of new
cardiovascular morbidity.24
Epicardial fat thickness (EpFT), carotid intima media
thickness (CIMT), and aortic stiffness index have been used
to assess subclinical atherosclerosis.1,2
CIMT is a simple and inexpensive tool to assess the cumu-
lative effect of atherosclerotic risk factors and is recommended
by the American Heart Association for the noninvasive assess-
ment of cardiovascular risk.25–27 Some studies have reported
that HCV infected patients had higher CIMT compared to
healthy control subjects11,28 and the mean CIMT of HCV
infected patients was significantly greater than that of healthy
controls; this difference cannot be attributed to a difference in
age, gender, body mass index (BMI) or cadiometabolic risk
factors.29
Epicardial Fat Thickness (EpFT) may reflect the amount of
visceral fat, which is associated with insulin resistance, inflam-
mation and CAD.30 EpFT is a rich source of free fatty acids
and a number of bioactive molecules and inflammatory cyto-
kines.31–34 Some reports have suggested a crucial role of EpFT
in the development of CAD through changes in adipokine
expressions in EpFT, which promote pro-inflammatory char-
acteristics, thereby facilitating the progression of coronaryatitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
Atherosclerosis in chronic hepatitis C virus patients 3atherosclerosis.32–35 EpFT measured using transthoracic
echocardiography significantly correlates with CAD and is
considered a marker of severity of coronary lesions.36 EpFT
has been considered to be a possible cardiovascular risk indica-
tor.37,38 Assessment of EpFT by transthoracic echocardiogra-
phy (TTE) could be a simple and practical tool for
cardiovascular risk stratification in clinical practice.39,40
2. Aim of the study
The study aimed to evaluate clinical and subclinical atheroscle-
rosis in chronic hepatitis C virus patients with and without
liver cirrhosis by evaluating carotid EpFT and CIMT as well
as to correlate the degree of EpFT and CIMT with the
Child-Pugh functional scoring of cirrhosis and with the ultra-
sound and laboratory parameters that define the severity of
liver disease.
3. Patients and methods
3.1. Patients
3.1.1. Inclusion criteria
This study was carried out in 2014 and 2015 and included 64
patients with chronic hepatitis C virus from outpatient clinics
and outpatient services of Theodor Bilharz Research Institute
Hospital. These patients were divided into two groups accord-
ing to findings of transient ultrasound elastography fibro-
scan41–43 and abdominal ultrasound.
Group I: included 24 patients with chronic hepatitis C virus
without liver cirrhosis, fibro-scan was F0-F1 and liver ultra-
sound showed no apparent cirrhosis.
Group II: included 40 patients with chronic hepatitis C
virus with liver cirrhosis, fibro-scan was F4 and abdominal
ultrasound showed shrunken and irregular liver surface,
ascites and splenomegaly. They were classified according
to the Child-Pugh functional scoring of cirrhosis.
Group III: included 20 apparently healthy volunteers as
control group matched for age and sex and with normal
liver ultrasound, normal liver function tests and negative
hepatitis markers.
3.1.2. Exclusion criteria
Subjects with history of heart disease, diabetes mellitus, hyper-
tension (blood pressure >140/90 mmHg), smoking, hyperlipi-
demia, acute or chronic kidney disease, alcohol consumption,
pregnancy, liver masses, and anemia with hemoglobin less
10 g% were excluded from the study.
3.2. Methods
3.2.1. General methods
All patients in the study were subjected to the following:
– Thorough history taking and physical examination.
– Blood sampling for blood picture, liver function tests, renal
function tests, serum electrolytes, cholesterol, triglyceride,
HBs antigen and HCV antibody.Please cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
http://dx.doi.org/10.1016/j.ehj.2016.10.004– Electrocardiogram was done to all subjects to detect any
findings suggestive of CAD.
– Abdominal ultrasound scanning was performed to all sub-
jects using a Toshiba Nemo 30 scanner equipped with a
3.5 MHz linear transducer by a member of the study team.
3.2.2. Transthoracic echocardiography
Echocardiography was performed using a Toshiba Nemo 30
scanner equipped with a 2.5 MHz linear transducer to detect
segmental wall motion abnormalities suggestive of CAD and
to measure epicardial fat thickness.
Epicardial fat thickness was identified as the echocardio-
graphically free space between the outer wall of the myocar-
dium and the visceral layer of the pericardium, and its
thickness was measured perpendicularly to the free wall of
the right ventricle at end-systole over 3 cardiac cycles. The
mean value of 3 cardiac cycles from each echocardiographic
view (including both parasternal long- and short-axis views)
was recorded as the EpFT.44 These measurements were com-
pleted by three blinded members of the study team and mea-
surements were averaged.
3.2.3. B mode carotid ultrasonography
High resolution B mode ultrasonography of both the common
carotid arteries was performed using an ultrasound machine
(Toshiba Memo 30 scanner) equipped with a 7.5 MHz high
resolution transducer. Patients were examined in the supine
position. The maximum CIMT was measured at the posterior
wall of the common carotid artery, 2 cm before the bifurca-
tion, as the distance between the first and second echogenic
lines of the anterior and posterior arterial walls. CIMT was
defined as a low-level echo gray band that does not project into
the arterial lumen45 and was measured during end diastole.
These measurements were completed by three blinded mem-
bers of the study team and measurements were averaged.
4. Ethics
All patients were provided by informed consent, and the ethi-
cal committee of the hospital approved this study which was
conducted in accordance with the Helsinki Declaration (1975).
5. Statistical analysis
Statistical analysis was performed using SPSS version 17. Data
were expressed as the mean ± standard deviation (SD) for
numerical variables. P 6 0.05 was considered to be statistically
significant and P 6 0.01 was considered to be highly statisti-
cally significant. The univariate correlations of the carotid
intima-media thickness and epicardial fat thickness with other
parameters were also done.
6. Results
The demographic data of the patient groups and the control
group revealed mean ages of 41.3 ± 9.95 years for the non-
cirrhotic hepatitis C group, 42.5 ± 8.75 years for the cirrhotic
group and 43.2 ± 7.85 years for the control group. In the non-
cirrhotic hepatitis C group 16 patients (66.7%) were males andatitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
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patients (60%) were males and 16 patients (40%) were females
and in the control group, there were 13 males (65%) and 7
females (35%). There were no significant differences between
the patient groups and the control group regarding age and
gender (Table 1).
Hepatitis C patients with cirrhosis had a statistically signif-
icant decrease in systolic blood pressure together with a statis-
tically significant increase in heart rate compared to the
controls. Also, they had a statistically significant increase in
their heart rate compared to hepatitis C patients without cir-
rhosis (Table 1).
The electrocardiographic findings showed inverted T and
depressed ST segment in 2 patients (8.33%) having hepatitis
C without cirrhosis, in 5 patients (12.5%) having hepatitis C
with cirrhosis and in no subjects of the control group. These
results were neither statistically significant between the
patient groups and control nor between both patient groups
(Table 1).
Regarding the echocardiographic findings, segmental wall
motion abnormalities at rest were found in 1 patient (4.17%)
having hepatitis C without cirrhosis, in 4 patients (10%) hav-
ing hepatitis C patients with cirrhosis and in no subjects of the
control group. These results were neither statistically signifi-
cant between the patient groups and control nor between both
patient groups (Table 1).
Regarding the laboratory data, hepatitis C patients with
cirrhosis had statistically significant decrease in serum sodium,
albumin and platelets count together with statistically signifi-
cant increase in serum potassium, total bilirubin, INR and
CRP compared to the control group and to the non-cirrhotic
hepatitis C patients group. Also, hepatitis C patients with cir-
rhosis had statistically significant increase in ALT and AST
compared to control group. Non-cirrhotic hepatitis C patients
had statistically significant decrease in serum sodium, albumin
and platelets count in addition to a statistically significant
increase in serum AST, ALT, total bilirubin, INR and CRP
compared to the control group (Table 2).
All patients had hepatitis C positive antibodies. All the
non-cirrhotic hepatitis C patients had F0-F1 fibro-scan withTable 1 Demographic data, ECG and echocardiographic findings




Age 41.3 ± 9.95 42.5 ±
Years
Gender
Male 16 (66.7%) 24 (60
Female 8 (33.3%) 16 (40
Systolic BP, mmHg 116.8 ± 11.2 114.5 ±
Diastolic 68.8 ± 12.5 67.0 ±
BP, mmHg
Pulse beat/min 76.3 ± 7.2 81.3 ±
ECG findings suggestive of CAD 2 (8.33%) 5 (12.5
Echo findings suggestive of CAD 1 (4.17%) 4 (10%
P1 value, between groups 1 and 3; P2 value, between groups 2 and 3; P
P 6 0.01, highly statistically significant. ECG: electrocardiogram; CAD:
Please cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
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(100%). Regarding the cirrhotic group, 32 patients (80%)
had cirrhosis, ascites and splenomegaly by abdominal ultra-
sound while all the patients had F4 fibro-scan (Table 3).
Regarding the abdominal ultrasonographic findings of the
cirrhotic group, there was a statistically significant decrease
in the liver span together with statistically significant increase
in the spleen span and portal vein diameter compared to both
the control group and the non-cirrhotic hepatitis C group. The
non-cirrhotic hepatitis C patients also showed a statistically
significant increase in the spleen span and the portal vein diam-
eter compared to the control group. Ascites was present in 2
patients of the non-cirrhotic group (8.33%) compared to 34
patients of the cirrhotic group (85%) and it was not present
in any of the subjects of the control group (Table 3). The 2
patients having ascites in the non-cirrhotic group were females
with ruptured ovarian cysts.
Carotid intima-media thickness and epicardial fat thickness
were significantly increased in the cirrhotic hepatitis C group
compared to both the control group and the non-cirrhotic
group. Also, the non-cirrhotic hepatitis C group showed statis-
tically significant increase in the carotid intima-media thick-
ness and epicardial fat thickness compared to control group
(Table 4).
There was a statistically significant increase in CIMT in
Child class B patients compared to Child class A patients
and in Child class C patients compared to Child class B
patients Table 5.
There was a statistically significant increase in EpFT in
Child class B patients compared to Child class A patients
and in Child class C patients compared to Child class B
patients Table 6.
CIMT was positively correlated with AST, total bilirubin,
INR%, CRP, spleen span, portal vein diameter and EpFT
and negatively correlated with albumin, platelets count and
liver span in HCV infected patients (Table 7).
EpFT was positively correlated with AST, total bilirubin,
INR%, CRP, spleen span, and portal vein diameter; and
CIMT negatively correlated with albumin, platelets count
and liver span in HCV infected patients (Table 8).suggestive of CAD of the studied groups.





P1 value P2 value P3 value
8.75 43.2 ± 7.85 0.492 0.764 0.617
%) 13 (65%) 0.569 0.703 0.904
%) 7 (35%) 0.904 0.704 0.596
8.6 120.3 ± 8.1 0.250 0.015 0.359
8.4 70.7 ± 8.2 0.563 0.111 0.493
7.8 75.3 ± 6.8 0.641 0.005 0.013
%) 0 (0%) 0.187 0.099 0.603
) 0 (0%) 0.358 0.144 0.399
3 value, between groups 1 and 2. P 6 0.05, statistically significant;
coronary artery disease; Echo: echocardiography.
atitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
Table 2 Laboratory data of the studied groups.
Hepatitis C without cirrhosis
N= 24




P1 value P2 value P3 value
Na, mEq/L 136.85 ± 5.44 130.16 ± 6.74 141.64 ± 2.04 0.001 0.000 0.000
K, mEq/L 4.05 ± 0.24 4.78 ± 0.56 4.14 ± 0.22 0.206 0.000 0.000
Creat, mg/dL 0.95 ± 0.3 1.0 ± 0.2 0.92 ± 0.2 0.705 0.150 0.427
ALT, U/L 61.78 ± 33.85 51.65 ± 20.29 23.85 ± 2.06 0.000 0.000 0.139
AST, U/L 53.8 ± 16.89 74.96 ± 57.76 23.65 ± 4.04 0.000 0.000 0.086
T bil., mg/dL 1.56 ± 0.36 3.32 ± 3.79 0.54 ± 0.11 0.000 0.000 0.027
Albumin, g/dL 3.51 ± 0.48 2.47 ± 0.49 4.21 ± 0.7 0.000 0.000 0.000
Platelets count 109/L 164.2 ± 32.7 62.6 ± 57.3 224.7 ± 58.7 0.000 0.000 0.000
INR% 1.13 ± 0.24 1.69 ± 0.5 1.01 ± 0.13 0.000 0.012 0.000
LDL, mg/dL 106.4 ± 18.5 102.6 ± 17.5 109.6 ± 16.4 0.551 0.071 0.331
HDL, mg/dL 44.2 ± 15.4 43.4 ± 14.6 46.2 ± 11.6 0.635 0.458 0.836
Tl Choles., mg/dL 151.2 ± 34.3 148.2 ± 31.3 153.2 ± 41.3 0.603 0.862 0.722
TG, mg/dL 112.3 ± 46.5 110.6 ± 40.5 121.9 ± 27.7 0.422 0.267 0.878
CRP, mg/L 5.6 ± 2.1 7.2 ± 2.5 2.3 ± 0.4 0.000 0.000 0.011
P1 value, between groups 1 and 3; P2 value, between groups 2 and 3; P3 value, between groups 1 and 2.
P 6 0.05, statistically significant; P 6 0.01, highly statistically significant.
Na: serum sodium; K: serum potassium; Creat: creatinine; ALT: alanine aminotransferase; AST: aspartate aminotransferase; T bil.: Total
bilirubin; INR: international normalized ratio; LDL: low density lipoprotein; HDL: high density lipoprotein; Tl Choles: total cholesterol; TG:
Triglyceride; CRP: C reactive protein.
Table 3 Fibro-scan and abdominal ultrasound data of the studied groups.
Hepatitis C without cirrhosis
N= 24




P1 value P2 value P3 value
Fibro-scan F0-F1 (24) (100%) F4 (40) (100%) ve
Coarse liver ve +ve (32) (80%) ve 0.000 0.000
Liver span, cm 14.3 ± 2.7 12.4 ± 3.1 14.7 ± 1.1 0.539 0.002 0.016
Ascites +ve (2) (8.33%) +ve (34) (85%) ve 0.187 0.000 0.000
Spleen span, cm 14.2 ± 2.4 16.3 ± 3.7 8.2 ± 2.3 0.000 0.000 0.016
PV diameter, mm 8.5 ± 2.6 13.7 ± 3.4 7.1 ± 1.2 0.032 0.000 0.000
P1 value, between groups 1 and 3; P2 value, between groups 2 and 3; P3 value, between groups 1 and 2.
P 6 0.05, statistically significant; P 6 0.01, highly statistically significant.
Table 4 Carotid intima-media thickness and epicardial fat thickness of the studied groups.
Hepatitis C without cirrhosis
N= 24




P1 value P2 value P3 value
CIMT, mm 8.2 ± 1.4 11.9 ± 1.8 6.2 ± 2.7 0.003 0.000 0.000
EpFT, mm 4.4 ± 1.8 6.7 ± 2.1 3.2 ± 1.3 0.048 0.000 0.000
P1 value, between groups 1 and 3; P2 value, between groups 2 and 3; P3 value, between groups 1 and 2.
P 6 0.05, statistically significant; P 6 0.01, highly statistically significant.
CIMT: carotid intima-media thickness and EpFT: epicardial fat thickness
Atherosclerosis in chronic hepatitis C virus patients 57. DiscussionAtherosclerosis is a chronic, progressive and inflammatory dis-
ease with a long asymptomatic prelude.1 Atherosclerosis has
two phases: preclinical (subclinical) and clinical. Subclinical
atherosclerosis refers to the early stages of the atherosclerotic
disease, and may lead to coronary artery disease. A variety
of imaging modalities have been used to assess subclinical
atherosclerosis.1,2Please cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
http://dx.doi.org/10.1016/j.ehj.2016.10.004O’Leary et al. in their study concluded that CIMT is a sim-
ple and inexpensive tool to assess the cumulative effect of
atherosclerotic risk factors and is an independent predictor
of future cardiovascular risk.25 The ultrasound-based measure-
ment of CIMT has become a standard for assessing arterioscle-
rosis and is recommended by the American Heart Association
for the noninvasive assessment of cardiovascular risk.26,27
Ahn et al. found that EpFT is strongly related to the devel-
opment of coronary artery disease.30 Also Shemirani et al.
found that increased EpFT is correlated with the severity ofatitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
Table 5 Carotid intima-media thickness in patients with
cirrhosis as related to their Child-Pugh classification.
Group (n) CIMT p-value
Controls (20) 6.2 ± 2.7
HCV with Cirrhosis (40) 11.9 ± 1.8 0.000
Child class A (10) 9.2 ± 1.7
Child class B (14) 10.9 ± 1.1 0.007
Child class C (16) 12.5 ± 1.2 0.001
P 6 0.05, statistically significant; P 6 0.01, highly statistically
significant.
HCV: hepatitis C virus and CIMT: carotid intima-media thickness.
p< 0.000: cirrhosis group (total) compared to control group;
p= 0.007: child class B group compared to child class A group;
p= 0.001: child class C group compared to child class B group.
Table 6 Epicardial fat thickness in patients with cirrhosis as
related to their Child-Pugh classification.
Group (n) EpFT p-value
Controls (20) 3.2 ± 1.3
HCV with Cirrhosis (40) 6.7 ± 2.1 0.000
Child class A (10) 4.6 ± 1.5
Child class B (14) 5.9 ± 1.2 0.028
Child class C (16) 7.3 ± 1.3 0.005
P 6 0.05, statistically significant; P 6 0.01, highly statistically
significant.
HCV: hepatitis C virus and EpFT: epicardial fat thickness.
p< 0.000: cirrhosis group (total) compared to control group;
p= 0.028: child class B group compared to child class A group;
p= 0.005: child class C group compared to child class B group.
Table 7 Correlation of different variables in HCV infected
patients with CIMT.
Parameter r-value p-value
AST, U/L 0.385 0.002
T bil., mg/dL 0.378 0.003
Albumin, g/dL -0.379 0.003
Platelets count 109/L -0.382 0.002
INR% 0.456 0.001
CRP, mg/L 0.378 0.003
Liver span, cm -0.433 0.001
Spleen span, cm 0.417 0.001
PV diameter, mm 0.372 0.003
EpFT, mm 0.465 0.001
P 6 0.05, statistically significant; P 6 0.01, highly statistically
significant.
AST: aspartate aminotransferase; T bil.: Total bilirubin; INR:
international normalized ratio; CRP: C reactive protein; PV: portal
vain; EpFT: epicardial fat thickness.
Table 8 Correlation of different variables in HCV infected
patients with EpFT.
Parameter r-value p-value
AST, U/L 0.379 0.003
T bil., mg/dL 0.384 0.002
Albumin, g/dL 0.370 0.003
Platelets count 109/L 0.378 0.003
INR% 0.430 0.001
CRP, mg/L 0.386 0.002
Liver span, cm 0.424 0.001
Spleen span, cm 0.437 0.001
PV diameter, mm 0.379 0.003
CIMT, mm 0.465 0.001
P 6 0.05, statistically significant; P 6 0.01, highly statistically
significant.
AST: aspartate aminotransferase; T bil.: Total bilirubin; INR:
international normalized ratio; CRP: C reactive protein; PV: portal
vain; CIMT: carotid intima-media thickness.
6 A. A. E.-K. Barakat et al.coronary artery stenosis.36 Cetin et al. found that EpFT of
6.3 mm was determined as a high risk value for subclinical
atherosclerosis with a 72.5% sensitivity and 71.7% speci-
ficity.46 Many other previous studies have reported thatPlease cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
http://dx.doi.org/10.1016/j.ehj.2016.10.004increased EpFT is associated with CAD and metabolic syn-
drome.47–50
In our study, there was significant correlation between
EpFT measured by carotid ultrasound and CIMT measured
by echocardiography. Iacobellis et al. were the first authors
to demonstrate a significant correlation between epicardial
fat and CIMT.51 Abaci et al. also demonstrated a significant
correlation between epicardial fat and CIMT.52 Rego et al.
examined 300 asymptomatic subjects and found that epicardial
fat had a significant association with CIMT, coronary artery
calcification, increased ApoB/ApoA1 ratio and cardiovascular
risk according to the Framingham score.53 The prevalence of
carotid plaque was significantly greater in those with EpFT
thicknessP 5 mm who had low Framingham risk scores com-
pared with those with EpFT thickness < 5 mm.54
In the current study, in spite of excluding patients having
history of ischemic heart disease, the electrocardiogram
showed inverted T wave and depressed ST segment in 2
(8.33%) patients having non-cirrhotic hepatitis C and in 5
patients (12.5%) having cirrhotic hepatitis C. These results
were neither statistically significant between the patient groups
and control nor between both patient groups. Echocardiogra-
phy showed wall motion abnormalities at rest in 1 patient
(4.17%) having non-cirrhotic hepatitis C and in 4 (10%)
patients having cirrhotic hepatitis C. These results were not
statistically significant between patient groups and control or
between both patient groups. Our study showed statistically
significant increase of CIMT and EpFT in the hepatitis C cir-
rhotic group compared to the control group and to the hepati-
tis C non-cirrhotic group. Also, hepatitis C non-cirrhotic
patients had statistically significant increase in CIMT and
EpFT compared to the control group. These findings suggest
increased prevalence of subclinical atherosclerosis in hepatitis
C patients especially in the presence of cirrhosis.
In agreement with our findings, Butt et al. have found that
HCV infection was associated with a higher risk of atheroscle-
rosis and coronary artery disease after adjustment of tradi-
tional risk factors.3 The study by Ampuero and Romero-
Go´mez revealed a strong link between HCV infection and
the atherogenic process, showing a higher risk of coronaryatitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
Atherosclerosis in chronic hepatitis C virus patients 7heart disease, carotid atherosclerosis, peripheral artery disease
and, ultimately, CVD-related mortality.55 Lin et al. reported
that HCV-infected subjects had 1.76-fold increased risk of an
ischemic electrocardiogram when compared with HCV non-
infected subjects.56 Zakaria et al. found that mean CIMT of
HCV infected Egyptians of a low cardiovascular risk was sig-
nificantly greater than that of healthy controls.29 Although the
results of some studies suggest that hepatitis C infection is an
independent risk factor for carotid atherosclerosis,57,58 these
findings have not been confirmed by others who have shown
that chronic viral hepatitis may protect from atherosclerosis
in the carotid arteries.59 In another report, no independent
association could be found between serological markers for
hepatitis C virus infection and cardiovascular morbidity or
atherosclerosis in the carotid arteries.60
Assessing cirrhotic candidates for LT has revealed a high
prevalence of asymptomatic CAD in these patients. Sixty-five
LT candidates without known CAD underwent multidetector
computed tomography coronary angiography: 58% had mild
CAD and 34% had moderate to severe CAD.61 Other studies
have revealed a significant burden of unrecognized, asymp-
tomatic CAD.62,22 Carey et al.63 reported that 13.3% of liver
transplanted patients with moderate or severe coronary steno-
sis were asymptomatic, presumably due to the masking effect
of poor functional status.
Our study revealed that CRP was significantly increased in
hepatitis C patients with cirrhosis compared to the control
group and hepatitis C patients without cirrhosis. Our study
agrees with many studies which concluded that the majority
of endothelial biomarkers were elevated in the chronic HCV
patients. Although varied, the biomarker pattern points to
an increased risk of cardiovascular mortality in the chronic
HCV patients: CRP, sVCAM-1, sICAM-1, and s-E-selectin,
were all elevated in these patients.64–66 Shimada et al. found
that elevated serum level of CRP is an independent predictor
of cardiovascular events in patients with CAD.67
In our study, there were positive correlations between
CIMT and AST, total bilirubin, INR%, CRP, spleen span,
portal vein diameter and EpFT in addition to negative corre-
lations between CIMT and albumin, platelets count and liver
span in all HCV infected patients. There were also positive cor-
relations between EpFT and AST, total bilirubin, INR%,
CRP, spleen span, portal vein diameter and CIMT in addition
to negative correlations between EpFT and albumin, platelets
count and liver span in all HCV infected patients. These find-
ings in addition to the statistically significant increase of EpFT
and CIMT in correlation with the Child-Pugh functional scor-
ing of cirrhosis indicate that the subclinical atherosclerosis
detected in our patients with hepatitis C is correlated with
the functional scoring of cirrhosis and the severity of liver
disease.
In agreement with our findings, Petta and his colleagues
have found that severe hepatic fibrosis is associated with a
higher risk of carotid atherosclerosis in chronic hepatitis C
patients.68 In another study carried out on fatty liver patients,
Petta et al. found that higher epicardial fat thickness is associ-
ated with the severity of liver fibrosis; in addition to that they
concluded that the morphological and functional cardiac alter-
ations are more pronounced in accordance with the severity of
fibrosis.69 Dogan and his colleagues found that the Framing-
ham risk score (FRS) which provides an estimate of coronaryPlease cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
http://dx.doi.org/10.1016/j.ehj.2016.10.004heart disease (CHD) risk is associated with the noninvasive
scoring indexes like fibrosis scan and they also found that
assessment of liver fibrosis in patients with fatty liver may be
useful for the risk stratification of CHD in the absence of liver
biopsy in clinical practice.70
8. The novelty of the study
To our knowledge the present study is unique in assessing
EpFT in post hepatitis C liver cirrhosis and in correlating
the degree of EpFT with Child-Pugh functional scoring of cir-
rhosis and with ultrasound and laboratory parameters that
define severity of liver disease. Previous studies have used
CIMT (not EpFT) for screening of atherosclerosis in hepatitis
C patients while EpFT have been used only in assessment of
atherosclerosis in fatty liver disease patients.
9. Limitation
For single-center study with small sample size, we suggest that
multicenter approaches may be necessary to attain larger sam-
ple sizes.
10. Conclusions
Our study revealed increased EpFT and CIMT in chronic hep-
atitis C virus patients especially in those with cirrhosis, and the
degree of EpFT and CIMT was shown to be correlated with
the Child-Pugh functional scoring of cirrhosis and with the
ultrasound and laboratory parameters that define severity of
liver disease. Our study also showed close correlation between
EpFT and CIMT in these patients.
The echocardiographic assessment of EpFT and the carotid
Doppler assessment of CIMT may provide appropriate and
simple screening markers for subclinical atherosclerosis and
cardiovascular risk in patients with chronic hepatitis C virus
with and without cirrhosis. Patients undergoing LT would
likely benefit from echocardiographic assessment of EpFT
and carotid Doppler for evaluation of CIMT in addition to
stress testing to help identify those patients who are at high
or low risk for cardiac outcomes in the LT.Conflict of interest
The authors declare that they have no conflict of interest.Funding
This research did not receive any specific grant from any fund-
ing agency in the public, commercial or not-for-profit sector.Acknowledgment
The authors wish to thank Dr. Mona Youssef; consultant car-
diologist at the Egyptian National Heart Institute for language
editing of this manuscript. The authors also thank the staff of
Theodor Bilharz Research Institute Hospital for their help and
support.atitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
8 A. A. E.-K. Barakat et al.References
1. Toth PP. Subclinical atherosclerosis: what it is, what it means and
what we can do about it. Int J Clin Pract 2008;62(8):1246–54.
2. Comert N, Yucel O, Ege MR, Yaylak B, Erdogan G, Yilmaz MB.
Echocardiographic epicardial adipose tissue predicts subclinical
atherosclerosis: epicardial adipose tissue and atherosclerosis.
Angiology 2012;63:586–90.
3. Butt AA, Xiaoqiang W, Budoff M, Leaf D, Kuller LH, Justice
AC. Hepatitis C virus infection and the risk of coronary disease.
Clin Infect Dis 2009;49:225–32.
4. Germi R, Crance JM, Garin D. Cellular glycosaminoglycans and
low density lipoprotein receptor are involved in hepatitis C virus
adsorption. J Med Virol 2002;68:206–15.
5. Flint M, Quinn ER, Levy S. In search of hepatitis C virus receptor
(s). Clin Liver Dis 2001;5:873–93.
6. Tardif KD, Waris G, Siddiqui A. Hepatitis C virus, ER stress, and
oxidative stress. Trends Microbiol 2005;13:159–63.
7. Zignego AL, Ferri C, Giannelli E. Prevalence of bcl-2 rearrange-
ment in patients with hepatitis C virus related mixed cryoglobu-
linemia with or without B-cell lymphomas. Ann Intern Med
2002;137:571–80.
8. Peng YS, Chiang CK, Hsu SP, et al. Influence of hepatitis C virus
infection on soluble cellular adhesion molecules in hemodialysis
patients. Blood Purif 2005;23:106–12.
9. Cacoub R, Ghillani R, Revelen R. Anti-endothelial cell auto-
antibodies in hepatitis C virus mixed cryoglobulinemia. J Hepatol
1999;31:598–603.
10. Adinolfi LE, Gambardella M, Andreana A. Steatosis accelerates
the progression of liver damage of chronic hepatitis C patients and
correlates with specific HCV genotype and visceral obesity.
Hepatology 2001;33:1358–64.
11. Adinolfi LE, Restivo L, Zampino R. Chronic HCV infection is a
risk for atherosclerosis. Role of HCV and HCV-related steatosis.
Atherosclerosis 2012;221(2):496–502.
12. Volzke H, Robinson DM, Kleine V. Hepatic steatosis is associated
with an increased risk of carotid atherosclerosis. World J
Gastroenterol 2005;11:1848–53.
13. Gastaldelli A, Kozakova M, Højlund K, Investigators RISC, et al.
Fatty liver is associated with insulin resistance, risk of coronary
heart disease, and early atherosclerosis in a large European
population. Hepatology 2009;49:1537–44.
14. Sanyal AJ, Contos MJ, Sterling RK. Nonalcoholic fatty liver
disease in patients with hepatitis C is associated with features of
the metabolic syndrome. Am J Gastroenterol 2003;98:2064–71.
15. Sanyal AJ. Review article: non-alcoholic fatty liver disease and
hepatitis C–risk factors and clinical implications. Aliment Phar-
macol Ther 2005;22:48–51.
16. Targher G, Bertolini L, Scala L. Nonalcoholic hepatic steatosis
and its relation to increased plasma biomarkers of inflammation
and endothelial dysfunction in non-diabetic men: role of visceral
adipose tissue. Diabet. Med. 2005;22:1354–8.
17. Howell WL, Manion WC. The low incidence of myocardial
infarction in patients with portal cirrhosis of the liver: a review of
639 cases of cirrhosis of the liver from 17,731 autopsies. Am Heart
J 1960;60:341–4.
18. Otsubo R, Higuchi ML, Gutierrez PS. Influence of chronic liver
disease on coronary atherosclerosis vulnerability features. Int J
Cardiol 2006;109:387–91.
19. Vanecek R. Atherosclerosis and cirrhosis of the liver. Bull World
Health Organ 1976;53:567–70.
20. Cicognani C, Malavolti M, Morselli-Labate AM, Zamboni L,
Sama C, Barbara L. Serum lipid and lipoprotein patterns in
patients with liver cirrhosis and chronic active hepatitis. Arch
Intern Med 1997;157:792–6.
21. Lee RF, Glenn TK, Lee SS. Cardiac dysfunction in cirrhosis. Best
Pract Res Clin Gastroenterol 2007;21:125–40.Please cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
http://dx.doi.org/10.1016/j.ehj.2016.10.00422. Ehtisham J, Altieri M, Salame´ E, Saloux E, Ollivier I, Hamon M.
Coronary artery disease in orthotopic liver transplantation:
pretransplant assessment and management. Liver Transpl
2010;16:550–7.
23. Tiukinhoy-Laing SD, Rossi JS, Bayram M, De Luca L, Gafoor S,
Blei A, et al. Cardiac hemodynamic and coronary angiographic
characteristics of patients being evaluated for liver transplanta-
tion. Am J Cardiol 2006;98:178–81.
24. Diedrich DA, Findlay JY, Harrison BA, Rosen CB. Influence of
coronary artery disease on outcomes after liver transplantation.
Transp Proc 2008;40:3554–7.
25. O’Leary DH, Polak JF, Kronmal RA. Carotid-artery intima and
media thickness as a risk factor for myocardial infarction and
stroke in older adults: cardiovascular health study collaborative
research group. New Engl J Med 1999;340(1):14–22.
26. Pignoli P, Tremoli E, Poli A. Intimal plus medial thickness of the
arterial wall: a direct measurement with ultrasound imaging.
Circulation 1986;74(6):1399–406.
27. Rajaram V, Pandhya S, Patel S. Role of surrogate markers in
assessing patients with diabetes mellitus and the metabolic
syndrome and in evaluating lipid-lowering therapy. Am J Cardiol
2004;93(11):32–48.
28. Fukui M, Kitagawa Y, Nakamura N, Yoshikawa T. Hepatitis C
virus and atherosclerosis in patients with type 2 diabetes. JAMA
2003;289(10):1245–6.
29. Zakaria A, Naguib M, Fouda R, Rashed L. Carotid intima media
thickness in HCV infected Egyptian patients and its relation to
viral load and genotype: a preliminary study. Med J Cairo Univ
2012;80(2):101–4.
30. Ahn SG, Lim HS, Joe DY, Kang SJ, Choi BJ, Choi SY.
Relationship of epicardial adipose tissue by echocardiography to
coronary artery disease. Heart 2008;94:7.
31. Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat
H. Human epicardial adipose tissue is a source of inflammatory
mediators. Circulation 2003;108:2460–6.
32. Iacobellis G, Pistilli D, Gucciardo M, Leonetti F, Miraldi F,
Brancaccio G. Adiponectin expression in human epicardial
adipose tissue in vivo is lower in patients with coronary artery
disease. Cytokine 2005;29:251–5.
33. Baker AR, Silva NF, Quinn DW, Harte AL, Pagano D, Bonser
RS. Human epicardial adipose tissue expresses a pathogenic
profile of adipocytokines in patients with cardiovascular disease.
Cardiovasc Diabetol 2006;5:1–7.
34. Iacobellis G, Assael F, Ribaudo MC, Zappaterreno A, Alessi G,
Di Mario U. Epicardial fat from echocardiography: a new method
for visceral adipose tissue prediction. Obes Res 2003;11:304–10.
35. Sacks HS, Fain JN. Human epicardial adipose tissue: a review. Am
Heart J 2007;153:907–17.
36. Shemirani H, Khoshavi M. Correlation of echocardiographic
epicardial fat thickness with severity of coronary artery disease-an
observational study. Anadolu Kardiyol Derg 2012;12:200–5.
37. Iacobellis G, Sharma AM. Epicardial adipose tissue as new cardio-
metabolic risk marker and potential therapeutic target in the
metabolic syndrome. Curr Pharmaceut Des 2007;13(21):2180–4.
38. De Vos AM, Prokop M, Roos CJ. Peri-coronary epicardial
adipose tissue is related to cardiovascular risk factors and
coronary artery calcification in post-menopausal women. Eur
Heart J 2008;29(6):777–83.
39. Iacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue:
anatomic, biomolecular and clinical relationships with the heart.
Nat. Clin. Practice Cardiovasc. Med. 2005;2(10):536–43.
40. Verhagen SN, Visseren FLJ. Perivascular adipose tissue as a cause
of atherosclerosis. Atherosclerosis 2011;214(1):3–10.
41. Bonder A, Afdhal N. Utilization of FibroScan in clinical practice.
Curr Gastroenterol Rep 2014;16:372–6.
42. Frulio N, Trillaud H. Ultrasound elastography in liver. Diagnost
Intervent Imag 2013;94(5):515–34.atitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
Atherosclerosis in chronic hepatitis C virus patients 943. Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E,
Davidson BR, Burroughs AK. Elastography for the diagnosis of
severity of fibrosis in chronic liver disease: a metaanalysis of
diagnostic accuracy. J Hepatol 2011;54(4):650–9.
44. Malavazos AE, Di Leo G, Secchi F. Relation of echocardio-
graphic epicardial fat thickness and myocardial fat. Am J Cardiol
2010;105:1831–5.
45. Berglund GL, Riley WA, Barnes RW. Quality control in ultra-
sound studies on atherosclerosis. J Int Med 1994;236:581–6.
46. Cetin M, Cakici M, Polat M, Suner A, Zencir C, Ardic I. Relation
of epicardial fat thickness with carotid intima-media thickness in
patients with type 2 diabetes mellitus. Int J Endocrinol 2013, 6
pages 769175.
47. Taguchi R, Takasu J, Itani Y, et al. Pericardial fat accumulation in
men as a risk factor for coronary artery disease. Atherosclerosis
2001;157(1):203–9.
48. Gorter PM, de Vos AM, van der Graaf Y. Relation of epicardial
and pericoronary fat to coronary atherosclerosis and coronar-
yartery calcium in patients undergoing coronary angiography. Am
J Cardiol 2008;102(4):380–5.
49. Rosito GA, Massaro JM, Hoffmann U. Pericardial fat, visceral
abdominal fat, cardiovascular disease risk factors, and vascular
calcification in a community-based sample the framingham heart
study. Circulation 2008;117(5):605–13.
50. Okyay K, Balcioglu AS, Tavil Y, Tacoy G, Turkoglu S, Abaci A.
A relationship between echocardiographic subepicardial adipose
tissue and metabolic syndrome. Int J Cardiovasc Imag 2008;24
(6):577–83.
51. Iacobellis G, Pellicelli AM, Sharma AM, Grisorio B, Barbarini G,
Barbaro G. Relation of subepicardial adipose tissue to carotid
intima-media thickness in patients with human immunodeficiency
virus. Am J Cardiol 2007;99:1470–2.
52. Abaci A, Tascilar ME, Saritas T, Yozgat Y, Yesilkaya E, Kilic A.
Threshold value of subepicardial adipose tissue to detect insulin
resistance in obese children. Int J Obes 2009;33:440–6.
53. Rego JO, Iacobellis G, Sarmientos JC, Mustelier JV, Aquiles EW,
Rodrı´guez VM. Epicardial fat thickness correlates with ApoB/
ApoA1 ratio, coronary calcium and carotid intima media thick-
ness in asymptomatic subjects. Int J Cardiol 2011;151:234–6.
54. Nelson MR, Mookadam F, Thota V, Emani U. Epicardial fat: an
additional measurement for subclinical atherosclerosis and car-
diovascular risk stratification. Am Soc Echocardiogr 2011;24
(3):339–45.
55. Ampuero J, Romero-Go´mez M. Assessing cardiovascular risk in
hepatitis C: an unmet need.World J Hepatol 2015;7(19):2214–9, 8.
56. Lin MS, Guo SE, Chen MY. The impact of hepatitis C infection
on ischemic heart disease via ischemic electrocardiogram: a cross-
sectional observational study. Am J Med Sci 2013;347(6):478–84.
57. Ishizaka N, Ishizaka Y, Takahashi E. Association between
hepatitis C virus seropositivity, carotid-artery plaque, and
intima-media thickening. Lancet 2002;359:133–5.Please cite this article in press as: Barakat A-AEK et al. Atherosclerosis in chronic hep
http://dx.doi.org/10.1016/j.ehj.2016.10.00458. Ishizaka N, Ishizaka Y, Takahashi E. Increased prevalence of
carotid atherosclerosis in hepatitis B virus carriers. Circulation
2002;105:1028–30.
59. Bilora F, Rinaldi R, Boccioletti V. Chronic viral hepatitis: a
prospective factor against atherosclerosis. A study with echocolor
Doppler of the carotid and femoral arteries and the abdominal
aorta. Gastroenterol Clin Biol 2002;26:1001–4.
60. Volzke H, Schwahn C, Wolff B. Hepatitis B and C virus infection
and the risk of atherosclerosis in a general population. Atheroscle-
rosis 2004;174:99–103.
61. Keeling AN, Flaherty JD, Davarpanah AH. Coronary multide-
tector computed tomographic angiography to evaluate coronary
artery disease in liver transplant candidates: methods, feasibility
and initial experience. J Cardiovasc Med (Hagerstown)
2011;12:460–8.
62. Raval Z, Harinstein ME, Skaro AI. Cardiovascular risk assess-
ment of the liver transplant candidate. J Am Coll Cardiol
2011;58:223–31.
63. Carey WD, Dumot JA, Pimentel RR. The prevalence of coronary
artery disease in liver transplant candidates over age 50. Trans-
plantation 1995;59:859–64.
64. O’Malley T, Ludlam CA, Riemermsa RA, Fox KA. Early increase
in levels of soluble inter-cellular adhesion molecule-1 (sICAM-1);
potential risk factor for the acute coronary syndromes. Eur Heart
J 2001;22(14):1226–34.
65. Toss H, Lindahl B, Siegbahn A, Wallentin L. Prognostic influence
of increased fibrinogen and C-reactive protein levels in unstable
coronary artery disease. FRISC Study Group. Fragmin during
Instability in Coronary Artery Disease. Circulation 1997;96
(12):4204–10.
66. Blankenberg S, Rupprecht HJ, Bickel C. Circulating cell adhesion
molecules and death in patients with coronary artery disease.
Circulation 2001;104(12):1336–42.
67. Shimada K, Fujita M, Tanaka A, Yoshida K, Jisso S. Elevated
serum C-reactive protein levels predict cardiovascular events in the
Japanese coronary artery disease (JCAD) study. Circ J
2009;73:78–85.
68. Petta S, Torres D, Fazio G, Camma` C, Cabibi D, Di Marco V,
et al. Carotid atherosclerosis and chronic hepatitis C: a prospective
study of risk associations. Hepatology 2012;55(5):1317–23.
69. Petta S, Argano C, Colomba D, Camma` C, Di Marco V, Cabibi
D. Epicardial fat, cardiac geometry and cardiac function in
patients with non-alcoholic fatty liver disease: association with the
severity of liver disease. J Hepatol 2015;62(4):928–33.
70. Dogan S, Celikbilek M, Yilmaz YK, Sarikaya S, Zararsiz G, Serin
HI. Association between liver fibrosis and coronary heart disease
risk in patients with nonalcoholic fatty liver disease. Eur J
Gastroenterol Hepatol 2015;27(3):298–304.atitis C virus patients with and without liver cirrhosis, The Egypt Heart J (2016),
